Abstract. Tumor necrosis factor (TNF) α can induce both cell death and proliferation by binding to either TNF receptor (TNFR) 1 or 2. In the granulosa cells of porcine ovaries, TNFα is considered to act as an anti-apoptotic/survival factor during follicular atresia. As a first step toward elucidating the function of TNFR2 in regulating follicular development/growth and atresia in porcine ovaries, we isolated the porcine (Sus scrofa) cDNA encoding TNFR2, which was identified from a cDNA library prepared from the follicular granulosa cells of pig ovaries. Porcine TNFR2 (1,125 bp, 375 amino acid residues), which contains specific amino acid region of transmembrane, indicated high identities with human and murine TNFR2 (78 and 69% at mRNA level, respectively; 73 and 61% at protein level, respectively), suggesting that the function of porcine TNFR2 is similar to that of human and murine homologues. Understanding the expression patterns of porcine TNFR2 mRNA in various organs, which we confirmed by reverse transcription polymerase chain reaction analysis, would help to elucidate the physiological role of TNFR2 in the regulation of apoptosis in porcine organs.
umor necrosis factor (TNF) α is a multifunctional cytokine produced mainly by activated macrophages, T lymphocytes, mast cells and some epithelial tumor cells [1] [2] [3] [4] [5] [6] [7] [8] . The various activities induced by TNFα are mediated by cell surface TNF receptors (TNFRs), which are present in a wide range of cell types. To date, two TNFRs (TNFR1 and TNFR2, 55 and 75 kDa, respectively) have been identified as representatives of the TNFR superfamily [6, 7] . The same as other TNFR family members [Fas/Apo-1/CD95, TNF-related apoptosis-inducing ligand (TRAIL) receptors and so on], TNFRs are transmembrane proteins with multiple conserved cysteine-rich domains within their extracellular region. TNFR1 contains a highly conserved region called the death domain (DD) within their intracellular region and induces both apoptotic cell death and cell proliferation. However, TNFR2 lacks a DD, has no ability to induce of apoptosis and primarily mediates cell proliferation. When TNFα induces apoptosis, it binds with TNFR1 [1] [2] [3] [4] [5] [6] [7] [8] . The TNFα-mediated apoptotic signaling pathway (TNFR1-dependent apoptosis) has been suggested to be as follows [1] [2] [3] [4] [5] [6] [7] [8] In mammalian ovaries, more than 99.9% of follicles undergo a degenerative process known as "atresia", and only a few follicles selectively ovulate during ovarian follicular development and growth [15] [16] [17] [18] [19] [20] [21] . Our recent findings [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] have suggested that apoptosis in follicular granulosa cells plays a crucial role in the regulation of ovarian follicular atresia; however, the intracellular signal transduction pathway for apoptois in granulosa cells is still largely unknown [20, 21] . Moreover, we have previously suggested that apoptosis and proliferation in granulosa cells are dominantly regulated by a cell death ligand and receptor system (TNF and TNFR superfamily members) [18] [19] [20] [21] . In the granulosa cells of porcine ovarian follicles, TNFα acts as a cell proliferation factor but not as an apoptotic factor [13] . Interestingly, apoptosis in the granulosa cells of developing and growing follicles (healthy follicles) is arrested by inhibiting factor cell death receptor-mediated apoptosis (cellular FLICE-like protein, cFLIP) [33, 34] . This inhibiting factor in granulosa cells reduces and disappears during follicular atresia.
In the present study, as a first step toward elucidating the roles of cell death receptors in the regulation of granulosa cell apoptosis during follicular development, growth and atresia, we identified porcine (Sus scrofa) TNFR2 and clarified the expression pattern of TNFR2 mRNA in porcine organs.
Materials and Methods

Isolation of RNA from porcine organs and granulosa cells
As previously reported [33] , organs [ovary, cerebrum, cerebellum, kidney, thymus, heart, lung, spleen, salivary gland, adrenal gland, small intestine (middle part of the jejunum), liver, skeletal muscle (masseter muscle), stomach, medulla and large intestine (middle part of the colon)] were obtained from mature sows (more than 120 kg body weight) at a local slaughterhouse. To confirm the sequence of porcine TNFR2, we dissected individual tertiary follicle (3-5 mm in diameter) from the ovaries under a surgical dissecting microscope (SZ40; Olympus, Tokyo, Japan). Each follicle was classified as morphologically healthy or atretic [30] . Follicular fluid from each follicle was collected using a 1-ml syringe, separated by centrifugation at 3,000 g for 10 min at 4 C, frozen and kept at -80 C. After molecular biological analyses were performed, the progesterone (P4) and 17β-estradiol (E2) levels were retrospectively measured using [
125 I]-RIA kits (Bio-Mérieux, Marcy-l'Etolle, France) to confirm classification of the follicles. Follicles with a P4/E2 ratio of less than 15 were classified as healthy. A healthy follicle was then opened using fine forceps, and its cumulus-oocyte complex was removed. The granulosa layer, which contains only granulosa cells, was collected and washed in phosp h a t e b u f f e r e d s a l i n e ( P B S ; p H 7 . 4 ) b y centrifugation at 600 g for 5 min. Total RNA was extracted from the granulosa cells and other organs using an RNeasy Mini Kit (Qiagen, Chatsworth, CA, USA) and then treated with a RNase-free DNase (Qiagen) to eliminate residual genomic DNA. The concentration and purity of the RNA sample were determined by measuring the absorbance at 260 and 280 nm, respectively. All procedures were performed according to the manufacturer's directions.
Expressed sequence tag (EST) cloning and RNA ligase-mediated rapid amplification of cDNA ends (RLM-RACE)
As reported previously [33] , the amino acid sequence for human TNFR2 (374 amino acid residues) was queried in dbEST (NCBI) using the TBLASTIN program to search for cDNA fragments for porcine TNFR2. Based on the EST cloning data, to obtain 5'-and 3'-ends of cDNA for porcine TNFR2, RLM-RACE was performed using a Smart RACE cDNA Amplification kit (Clontech, Palo Alto, CA, USA). Briefly, total RNA was treated with calf intestinal phosphatase (CIP) to remove the 5'-phosphates and eliminate truncated mRNA and non-mRNA from subsequent ligation with a GeneRacer RNA oligo (5'-CGACU GGAGC ACGAG GACAC UGACA UGGAC UGAAG GAGUA GAAA-3'). The dephosphorylated RNA was treated with tobacco acid pyrophosphatase (TAP) to remove the 5'-cap structure from the intact fulllength mRNA. The 5'-phosphate's removal is required for ligation to the GeneRacer RNA oligo. The GeneRacer RNA oligo was ligated to the 5'-end of the mRNA using T4 RNA ligase. The ligated mRNA was reverse transcribed with SuperScript III reverse transcriptase and the GeneRacer oligo dT primer [5'-GCTGT CAACG ATACG CTACG TAACG GCATG ACAGT G (T) 24 -3'] to create RACE-ready first-strand cDNA with known priming sites at the 5'-and 3'-ends. To obtain 5'-ends, we conducted RACE-PCR using a 3'-gene specific primer (3'-GSP: 5'-CTGAC CACAG CTCAC AGTGC-3' and the GeneRacer 5'-primer (5'-TGGTT AACTG GGCTT CATCC-3'). To obtain 3'-ends, we amplified the first-strand cDNA using a 5'-gene specific primer (5'-GSP: 5'-GGAGC AGATG CGGTT CTGTT-3') and the GeneRacer 3'-primer (5'-AGACC TCGGA CACCG TGTGT-3'). All procedur e s were perform e d ac cording to th e manufacturer's instructions.
Sequencing analyses for porcine TNFR2
RML-RACE products and full-length open reading frames of porcine TNFR2 were cloned into pCR4-TOPO TA cloning vector (Invitrogen, Carlsbad, CA, USA) and analyzed with an automatic DNA sequencer (ABI PRISM 310; Applied Biosystems, Foster City, CA, USA) according to the manufacturer's instructions. The sequence data were deposited in GenBank under accession number EF120982. Homology analyses were performed using the FASTA database.
RT-PCR for porcine TNFR2
To determine the expression profiles of TNFR2 mRNA in various organs, total RNA from each organ was reverse transcribed using a T-Primed First-Strand Kit (Amersham Pharmacia, Buckinghamshire, UK) to synthesize cDNA. RT-PCR was performed in a final volume of 50 µl containing 45 µl of Platinum PCR SuperMix (Invitrogen), 1 µl (100 ng) of each cDNA and 2 µl (0.2 µM) of each primer (forward primer: 5'-GGAAC TGCGA CATCA GATGT-3', and reverse primer: 5'-TGTCA CACCC ACGAT CAGTC-3', expected PCR product size, 351 bp). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH; used as an intrinsic control) mRNA was amplified using the following primers (forward primer: 5'-GGACT CATGA CCACG GTCCA T-3' and reverse primer: 5'-TCAGA TCCAC AACCG ACACG T-3', expected PCR product size, 220 bp). The hot start PCR cycle was as follows: 5 min at 94 C; 35 cycles of 30 sec at 94 C, 30 sec at 55 C and 30 sec at 72 C; and then a final extension period of 7 min at 72 C. Each PCR product was electrophoresed in 2% (w/v) agarose gels (Sigma Aldrich Chemicals, St. Louis, MO, USA) and stained with ethidium bromide (Wako Pure Chemicals, Osaka, Japan) or SYBR Green I nucleic acid stain (Molecular Probes, Eugene, OR, USA). Ready-load 100-bp DNA ladder marker (Gibco BRL, Grand Island, NY, USA) was used as a molecular weight marker for electrophoresis. After electrophoresis, the stained gels were recorded with a digital fluorescencerecorder (LAS-1000; Fuji Film, Tokyo, Japan), and at each mRNA expression level, the fluorescence intensity of each band of PCR product was quantified using Image Gauge (Fuji Film) on a Macintosh computer. The relative abundance of specific mRNA was normalized to the abundance of GAPDH mRNA.
Results and Discussion
Cloning of porcine TNFR2 cDNA and structural characterization
We cloned a partial sequence for porcine TNFR2 from dbEST (NCBI) based on an alignment analysis of the human TNFR2 amino acid sequence and found a porcine EST clone in dbEST. The porcine EST clone had less than 70% homology with the amino acid sequences common to human TNFR2, suggesting that the porcine EST clone was a partial sequence for TNFR2. We then designed 5'-and 3'-gene specific primers based on the sequence of the porcine EST clone as described above and performed RML-RACE. We obtained a 5'-RACE product and a 3'-RACE product. The 5'-RACE product contained a start codon for TNFR2, and the 3'-RACE product contained a stop codon for TNFR2. The full-length open reading frame of TNFR2 was amplified by high-fidelity PCR, and then sequencing analyses were performed for the PCR product. The open reading frame for TNFR2 consisted of 1,125 bp (375 amino acid residues; Fig.  1 ). Amino acid sequence of TNFR2 indicates that TNFR2 has multiple conserved cysteine-rich domains within its extracellular region and a transmembrane region that is the same as other TNFR family proteins [14] . However, TNFR2 lacks a highly conserved DD region within the intracellular region [39] .
Comparison of TNFR2 among mammalian species
As shown in Table 1 , the mRNA sequence for porcine TNFR2 had 78 and 69% identity with human and murine TNFR2, respectively. The entire amino acid sequence for porcine TNFR2 had 73 and 61% identity with that for human and murine TNFR2, respectively. Thus, the mRNA and amino acid sequences of TNFR2 are conserved between mammalian homologues. Based on the present findings, we presume that porcine TNFR2, which has a similar function as human and murine TNFR2.
TNFR2 mRNA distribution in porcine organs
We confirmed the expression patterns of TNFR2 mRNAs in various porcine organs [ovary, cerebrum, cerebellum, kidney, thymus, heart, lung, spleen, salivary gland, adrenal gland, small intestine (middle part of the jejunum), liver, skeletal muscle (masseter muscle), stomach, medulla and large intestine (middle part of the colon)] by RT- PCR. TNFR2 mRNA was detected in all organs examined. High levels of TNFR2 mRNA were observed in the lung and spleen; however, a low level was noted in stomach ( Fig. 2A and B) .
In conclusion, the present study is the first report on isolation and sequencing of porcine TNFR2, and its physiological function is similar to its human and murine homologues. In porcine organs, TNFR2 acts as an anti-apoptotic/pro-survival and proliferation factor. The present data will help to reveal the regulation mechanisms of cell proliferation and apoptosis mediated by TNFα in porcine organs, especially in the ovaries [13, 18, 19] . We believe that the TNFR2 in granulosa cells acts as an anti-apoptotic factor by mediating the proliferation induced by TNFα during follicular development and growth. Further in vivo and in vitro study of the signal transducing pathway dependent on TNFα and its receptor, especially TNFR2 in the granulosa cells of growing and degenerating follicles will help to elucidate the largely unknown molecular mechanisms behind the selection of ovarian follicles. . The product sizes of T N F R 2 a n d G A P D H w e r e 3 5 1 a n d 2 2 0 b p , respectively. TNFR2 mRNA was measured semiquantitatively by RT-PCR (B). TNFR2 mRNA expression level (ratio of TNFR2 mRNA/GAPDH mRNA) in each organ is shown.
